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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet 
recording head and an ink jet recorder capable of 
preventing a decrease in piezoelectric property of as 
piezoelectric material layer. 

SOLUTION: There is disclosed an ink jet recording head 
wherein a piezoelectric element 300 having a lower 
electrode 60, a piezoelectric material layer 70 and an 
upper electrode 80 is formed in a region corresponding 
to a pressure generating chamber 12 with a diaphragm 
forming a part of the pressure generating chamber 12 
communicating with a nozzle therebetween. Both end 
sections at both sides in the width direction of the 
piezoelectric material layer 70 forming the piezoelectric 
element 300 are placed in a region opposite to the 
pressure generating chamber 12. A tensile membrane 90 
having a tensile stress is continuously provided in each 
of at least both sides in the width direction of the 
piezoelectric material layer 70, thereby preventing a 
decrease in piezoelectric characteristic of the 
piezoelectric material layer 70. 
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* NOTICES * 

JPO and' NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the ink jet type recording head which formed in the field corresponding to said 
pressure generating room the piezoelectric device which has a bottom electrode, a piezo electric 
crystal layer, and a top electrode through the diaphragm which constitutes a part of pressure 
generating room which is open for free passage to a nozzle orifice The ink jet type recording 
head which is located in the field where the edge of the crosswise both sides of said piezo 
electric crystal layer which constitutes said piezoelectric device counters said pressure 
generating room, and is characterized by preparing continuously the tension film of the piezo 
electric crystal layer concerned which has tensile stress on crosswise both sides at least. 
[Claim 2] It is the ink jet type recording head characterized by for said tension film contacting 
the end face by the side of the crosswise ends of said piezo electric crystal layer in claim 1 , and 
being prepared. 

[Claim 3] It is the ink jet type recording head characterized by for said tension film contacting 
the end face by the side of the crosswise ends of said piezo electric crystal layer and said top 
electrode in claim 1 , and being prepared. 

[Claim 4] It is the ink jet type recording head characterized by said tension film having covered 
the top face of said top electrode in claim 3. 

[Claim 5] It is the ink jet type recording head characterized by said tension film consisting of an 
insulating ingredient in claim 1. 

[Claim 6] It is the ink jet type recording head which sets they to be [ any of claims 1-5 ], and is 
characterized by said tension film serving as the environmental protection-proof film. 
[Claim 7] It is the ink jet type recording head which sets they to be [ any of claims 1-6 ], and is 
characterized by said tension film serving as an interlayer insulation film. 

[Claim 8] It is the ink jet type recording head which sets they to be [ any of claims 1-4 ], and is 
characterized by said tension film consisting of an organic material. 

[Claim 9] It is the ink jet type recording head which sets they to be [ any of claims 1-4 ], and is 
characterized by said tension film consisting of a conductive ingredient. 

[Claim 10] It is the ink jet type recording head characterized by said tension film serving as a top 
electrode in claim 1. 

[Claim 1 1] The ink jet type recording head characterized by setting they being [ any of claims 1- 
10 ], forming said pressure generating room in a silicon single crystal substrate of anisotropic 
* etching, and forming each class of said piezoelectric device by membrane formation and the 
lithography method. 

[Claim 12] The ink jet type recording device characterized by providing which ink jet type 
recording head of claims 1-11. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention constitutes a part of nozzle orifice which carries out the 
regurgitation of the ink droplet, and pressure generating room open for free passage from a 
diaphragm, prepares a piezoelectric device through this diaphragm, and relates to the ink jet type 
recording head and ink jet type recording device which make an ink droplet breathe out with the 
variation rate of this piezoelectric device. 
[0002] 

[Description of the Prior Art] A part of nozzle orifice which carries out the regurgitation of the 
ink droplet, and pressure generating room open for free passage are constituted from a 
diaphragm, and two kinds are put in practical use by the ink jet type recording head which makes 
this diaphragm transform by the piezoelectric device, and the ink of a pressure generating room 
is pressurized [ recording head 1 and makes an ink droplet breathe out from a nozzle orifice 
although what used the piezoelectric device in the longitudinal-oscillation mode elongated and 
contracted, and the piezoelectric device of the bending oscillation mode were used for the shaft 
orientations of a piezoelectric device. 

[0003] The former can change the volume of a pressure generating room by making the end face 
of a piezoelectric device contact a diaphragm, and while the fabrication of the head suitable for 
high density printing is possible, a piezoelectric device is made in agreement with the array pitch 
of a nozzle orifice, the difficult process of carving in the shape of a ctenidium, and the activity 
which positions the piezoelectric device which was able to be carved in a pressure generating 
room, and is fixed are needed, and it has the problem that a production process is complicated. 
[0004] On the other hand, the green sheet of piezoelectric material is stuck according to the 
configuration of a pressure generating room, a certain amount of area is needed for a diaphragm 
at the comparatively easy process of calcinating this, on the relation using the bending 
oscillation of what can fix a piezoelectric device, and the latter has the problem that a high 
density array is difficult. 

[0005] On the other hand, that the inconvenience of the latter recording head should be 
canceled, what formed the piezoelectric device so that might continue on the surface of 
[ whole ] a diaphragm, a uniform piezoelectric-material layer might be formed with a membrane 
formation technique, this piezoelectric-material layer might be carved into the configuration 
corresponding to a pressure generating room by the lithography method and it might become 
independent for every pressure generating room is proposed so that JP.5-286131.A may see. 
[0006] There is an advantage it not only can fix a piezoelectric device by the simple technique of 
the lithography method precisely, but that the activity which sticks a piezoelectric device on a 
diaphragm becomes unnecessary according to this, and can make thickness of a piezoelectric 
device thin and high-speed actuation is attained. In addition, the piezoelectric device 
corresponding to each pressure generating room can be driven by preparing only a top electrode 
for every pressure generating room at least, preparing a piezoelectric-material layer on the 
surface of [ whole ] a diaphragm in this case. 
[0007] 
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[Problem(s) to be Solved by the Invention] However, by the manufacture approach by the thin 
film technology and the lithography method which were mentioned above, although a pressure 
generating room is formed after patterning of a thin film, in that case, the internal stress of a 
piezo electric crystal layer is eased, and the tensile stress of a piezo electric crystal layer can 
weaken under the effect of the internal stress of a bottom electrode, and there is a problem that 
a piezo-electric property falls and a regurgitation property falls. When the compression film 
exists in the both sides of a piezo electric crystal layer especially, a piezo-electric property 
tends to fall. 

[0008] This invention makes it a technical problem to offer the ink jet type recording head and 
ink jet type recording device which suppressed lowering of the piezo-electric property of a piezo 
electric crystal layer in view of such a situation. 
[0009] 

[Means for Solving the Problem] The 1st mode of this invention which solves the above- 
mentioned technical problem to the field corresponding to said pressure generating room through 
the diaphragm which constitutes a part of pressure generating room which is open for free 
passage to a nozzle orifice A bottom electrode, In the ink jet type recording head in which the 
piezoelectric device which has a piezo electric crystal layer and a top electrode was formed It is 
located in the field where the edge of the crosswise both sides of said piezo electric crystal 
layer which constitutes said piezoelectric device counters said pressure generating room, and is 
in the ink jet type recording head characterized by preparing continuously the tension film of the 
piezo electric crystal layer concerned which has tensile stress on crosswise both sides at least. 
[0010] In this 1st mode, the tension of the tension film acts on a piezo electric crystal layer, and 
a piezo-electric property is maintained. 

[001 1] The 2nd mode of this invention has said tension film in the ink jet type recording head 
characterized by being contacted and prepared in the end face by the side of the crosswise ends 
of said piezo electric crystal layer in the 1 st mode. 

[0012] In this 2nd mode, a piezo electric crystal layer is certainly pulled crosswise by the tension 
film. 

[0013] The 3rd mode of this invention has said tension film in the ink jet type recording head 
characterized by being contacted and prepared in the end face by the side of the crosswise ends 
of said piezo electric crystal layer and said top electrode in the 1st mode. 

[0014] The tension of the stronger tension film acts on a piezo electric crystal layer in this 3rd 
mode. 

[0015] The 4th mode of this invention has said tension film in the ink jet type recording head 
characterized by having covered the top face of said top electrode in the 3rd mode. 
[0016] In this 4th mode, the tension film can be formed easily. 

[0017] In the 1st mode, said tension film has the 5th mode of this invention in the ink jet type 
recording head characterized by consisting of an insulating ingredient. 
[0018] An insulation of a top electrode can be maintained in this 5th mode. 
[0019] The 6th mode of this invention has said tension film in the ink jet type recording head 
characterized by serving as the environmental protection-proof film in which 1-5th modes. 
[0020] In this 6th mode, the piezo electric crystal active section and elastic membrane are 
protected from an external environment. 
^ [0021] The 7th mode of this invention has said tension film in the ink jet type recording head 
characterized by serving as an interlayer insulation film in which 1-6th modes. 
[0022] In this 7th mode, a piezoelectric device and a lead electrode are connected in the contact 
hole of the field which counters a pressure generating room. 

[0023] The 8th mode of this invention has said tension film in the ink jet type recording head 
characterized by consisting of an organic material in which 1-4th modes. 

[0024] In this 8th mode, it has tensile stress and the tension film which gives tension effective in 
a bottom electrode can be formed. 

[0025] the 9th mode of this invention — which 1-4th voice — it sets like and said tension film is 
in the ink jet type recording head characterized by consisting of a conductive ingredient. 
[0026] In this 9th mode, the construction material of the film which has tensile stress can be 
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chosen. 

[0027] The 10th mode, of this invention has said tension film in the ink jet type recording head 

characterized by serving as a top electrode in the 1 st mode. 

[0028] In this 10th mode, a top electrode turns into a common electrode. 

[0029] The 1 1th mode of this invention is in the ink jet type recording head characterized by 

forming said pressure generating room in a silicon single crystal substrate of anisotropic etching, 

and forming each class of said piezoelectric device by membrane formation and the lithography 

method in which 1-1 0th modes. 

[0030] In this 11th mode, the ink jet type recording head which has the nozzle orifice of high 
density can be manufactured in large quantities and comparatively easily. 

[0031] The 12th mode of this invention is in the ink jet type recording device characterized by 
providing the ink jet type recording head of which 1-1 1th modes. 

[0032] In this 12th mode, the ink jet type recording device which improved the regurgitation 

property of a head is realizable. 

[0033] 

[Embodiment of the Invention] This invention is explained at a detail based on an operation 
gestalt below. 

[0034] (Operation gestalt 1) Drawing 1 is the decomposition perspective view showing the ink jet 
type recording head concerning the operation gestalt 1 of this invention, and drawing 2 is drawing 
showing the cross-section structure in the longitudinal direction of a top view and its one 
pressure generating room. 

[0035] The passage formation substrate 10 consists of a silicon single crystal substrate of field 
bearing (110) with this operation gestalt so that it may illustrate. As a passage formation 
substrate 10, a thing with a thickness of about 150-300 micrometers is used, and about 180-280 
micrometers of things with a thickness of about 220 micrometers are usually more desirably 
suitable desirably. This is because an array consistency can be made high, maintaining the 
rigidity of the septum between adjoining pressure generating rooms. 

[0036] One field of the passage formation substrate 10 turns into an effective area, and the 
elastic membrane 50 with a thickness of 0.1-2 micrometers which consists of diacid-ized silicon 
beforehand formed by thermal oxidation is formed in the field of another side. 
[0037] On the other hand, the nozzle orifice 1 1 and the pressure generating room 12 are formed 
in the effective area of the passage formation substrate 10 by carrying out anisotropic etching of 
the silicon single crystal substrate. 

[0038] If anisotropic etching is immersed in alkali solutions, such as a potassium hydroxide, a 
silicon single crystal substrate here It is eaten away gradually and nothing, and the above- 
mentioned (110) field and the 2nd field (111) which makes the include angle of about 35 degrees 
appear the 1st field (111) vertical to a field (110), this 1st field (111), and the include angle of 
about 70 degrees. (1 10) It is carried out using the property in which the etching rate of a field 
(111) is about 1/180 as compared with the etching rate of a field. By this anisotropic etching, 
precision processing can be performed on the basis of depth processing of the shape of the 1st 
two field (111) and a parallelogram formed in respect of [ slanting / two ] the 2nd (111), and the 
pressure generating room 12 can be arranged to high density. 

[0039] The long side of each pressure generating room 12 is formed, and the shorter side is 
- formed in respect of the 2nd (1 1 1) in respect of the 1 st (1 1 1) with this operation gestalt. This 
pressure generating room 12 is formed by etching until it penetrates the passage formation 
substrate 10 mostly and reaches elastic membrane 50. In addition, elastic membrane 50 has the 
very small amount invaded by the alkali solution which etches a silicon single crystal substrate. 
[0040] On the other hand, each nozzle orifice 1 1 which is open for free passage at the end of 
each pressure generating room 1 2 is formed more shallowly [ narrow ] than the pressure 
generating room 1 2. That is, the nozzle orifice 1 1 is formed by etching a silicon single crystal 
substrate in the thickness direction to the middle (half etching). In addition, half etching is 
performed by adjustment of etching time. 

[0041] Here, the magnitude of the pressure generating room 12 which gives an expulsion-of-an- 
ink-droplet pressure to ink, and the magnitude of the nozzle orifice 11 which carries out the 
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regurgitation of the ink droplet are optimized according to the amount of the ink droplet which 
carries out the regurgitation, regurgitation speed, and a regurgitation frequency. For example, 
when recording 360 ink droplets per inch, it is necessary to form a nozzle orifice 1 1 with a 
sufficient precision with the flute width of dozens of micrometers. 

[0042] Moreover, each pressure generating room 12 and the common ink room 31 mentioned 
later are opened for free passage through the ink supply free passage opening 21 formed in the 
location corresponding to the end section of each pressure generating room 12 of the closure 
plate 20 mentioned later, respectively, and ink is supplied from the common ink room 31 through 
this ink supply free passage opening 21, and is distributed to each pressure generating room 12. 
[0043] The closure plate 20 consists of crystallized glass with which the ink supply free passage 
opening 21 corresponding to each above-mentioned pressure generating room 12 was drilled and 
which thickness is 0.1 -1mm, and coefficient of linear expansion is 300 degrees C or less, for 
example, is 2.5-4.5 [x10-6/degree C], In addition, the ink supply free passage opening 21 may be 
two or more slit [ A / which crosses near the ink supply side edge section of each pressure 
generating room 12 / one slit hole 21] hole 21 B, as shown in draw ing 3 (a) and (b). As for the 
closure plate 20, the duty of the back up plate which protects a bonnet and a silicon single 
crystal substrate from an impact or external force extensively also achieves the whole surface 
of the passage formation substrate 10 in respect of one side. Moreover, on the other hand, the 
closure plate 20 comes out, and constitutes one wall surface of the common ink room 31. 
[0044] The common ink room formation substrate 30 forms the peripheral wall of the common 
ink room 31, pierces the stainless plate of proper thickness according to nozzle numerical 
aperture and an expulsion-of-an-ink-droplet frequency, and is produced. With this operation 
gestalt, thickness of the common ink room formation substrate 30 is set to 0.2mm. 
[0045] The ink room side plate 40 consists of a stainless steel substrate, and constitutes one 
wall surface of the common ink room 31 from one field. Moreover, by forming crevice 40a in a 
part of field of another side by half etching, a thin wall 41 is formed and blanking formation of the 
ink inlet 42 which receives the ink supply from the outside is carried out further at the ink room 
side plate 40. In addition, a thin wall 41 is for absorbing the nozzle orifice 1 1 generated in the 
case of expulsion of an ink droplet, and the pressure which goes to an opposite hand, and 
prevents that an unnecessary forward or negative pressure joins other pressure generating 
rooms 12 via the common ink room 31. Although the ink room side plate 40 is set to 0.2mm and 
the part is used as the thin wall 41 with a thickness of 0.02mm with this operation gestalt in 
consideration of rigidity required at the time of connection between the ink inlet 42 and an 
external ink supply means etc., in order to omit formation of the thin wall 41 by half etching, it is 
good also as 0.02mm from the start in the thickness of the ink room side plate 40. 
[0046] On the other hand, with the effective area of the passage formation substrate 10, on the 
elastic membrane 50 of an opposite hand, laminating formation is carried out in the process 
which thickness mentions [ thickness ] later with the bottom electrode layer 60 which is about 
0.5 micrometers, and the electrode layer 80 when it is about 0.1 micrometers mentions [ the 
piezo electric crystal film 70 which is about 1 micrometer, and thickness ] later, and the 
piezoelectric device 300 is constituted. Here, a piezoelectric device 300 says the part containing 
the bottom electrode layer 60, the piezo electric crystal film 70, and the top electrode layer 80. 
Generally, one electrode of the piezoelectric devices 300 is used as a common electrode, every 
pressure generating room 12, patterning of the electrode and the piezo electric crystal film 70 of 
another side is carried out, and they are constituted. And it consists of one of the electrodes 
and the piezo electric crystal film 70 by which patterning was carried out here, and the part 
which a piezo-electric distortion produces by impression of the electrical potential difference to 
two electrodes is called piezo electric crystal active section 320. Although the bottom electrode 
layer 60 considers as the common electrode of a piezoelectric device 300 and the top electrode 
layer 80 is used as the individual electrode of a piezoelectric device 300 with this operation 
gestalt, it is convenient even if it makes this into reverse on account of an actuation circuit or 
wiring. In the case of which, the piezo electric crystal active section will be formed for every 
pressure generating room. Moreover, an electrostrictive actuator is called here together with the 
diaphragm which a variation rate produces by actuation of a piezoelectric device 300 and the 
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piezoelectric device 300 concerned. In addition, with this operation gestalt, the bottom electrode 
layer 60 and elastic membrane 50 act as a diaphragm. 

[0047] Here, the process which forms piezo electric crystal film 70 grade on the passage 
formation substrate 10 which consists of a silicon single crystal substrate is explained, referring 
to drawing 4 . 

[0048] As shown in drawin g 4 (a), the elastic membrane 50 which oxidizes thermally the wafer of 
the silicon single crystal substrate used as the passage formation substrate 10 with about 1100- 
degree C diffusion furnace first, and consists of diacid-ized silicon is formed. 
[0049] Next, as shown in drawin g 4 (b), the bottom electrode layer 60 is formed by sputtering. As 
an ingredient of the bottom [ this ] electrode layer 60, platinum etc. is suitable. The below- 
mentioned piezo electric crystal film 70 which this forms with the sputtering method or a sol-gel 
method is because it is necessary to make it calcinate and crystallize at the temperature of 
about 600-1000 degrees C under an atmospheric-air ambient atmosphere or an oxygen ambient 
atmosphere after membrane formation. That is, when conductivity must be able to be held under 
such an elevated temperature and an oxidizing atmosphere and titanic-acid lead zirconate is 
especially used as piezo electric crystal film 70, as for the ingredient of the bottom electrode 
layer 60, it is desirable for there to be little conductive change by diffusion of lead oxide, and 
platinum is suitable for it from these reasons. 

[0050] Next, as shown in drawing 4 (c), the piezo electric crystal film 70 is formed. Although the 
sputtering method can also be used for membrane formation of this piezo electric crystal film 70, 
with this operation gestalt, spreading desiccation is carried out, the so-called sol which dissolved 
and distributed the metal organic substance at the solvent is gelled, and the so-called sol-gel 
method which obtains the piezo electric crystal film 70 which consists of a metallic oxide by 
calcinating at an elevated temperature further is used. As an ingredient of the piezo electric 
crystal film 70, when the ingredient of a titanic-acid lead zirconate (PZT) system uses it for an 
ink jet type recording head, it is suitable. 

[0051] Next, as shown in drawing 4 (d), the top electrode layer 80 is formed. The top electrode 
layer 80 can use a metal, a conductive oxide, etc. of many, such as aluminum, gold, nickel, and 
platinum, that what is necessary is just a conductive high ingredient. With this operation gestalt, 
platinum is formed by sputtering. 

[0052] Next, as shown in drawin g 5 (a), the piezo electric crystal film 70 and the top electrode 
layer 80 are etched, and patterning of the piezo electric crystal active section 320 is performed. 
[0053] At this time, with this operation gestalt, patterning of the piezo electric crystal film 70 
and the top electrode layer 80 is continuously carried out on the peripheral wall of the pressure 
generating room 12 from the longitudinal direction end section of the piezo electric crystal active 
section 320, the top electrode layer 80 is used as the individual electrode of each piezo electric 
crystal active section 320, and the bottom electrode layer 60 is used as the common electrode. 
[0054] Next, as shown in drawing 5 (b), the tension film 90 is formed. The tension film 90 is an 
insulating ingredient, and its ingredient which has tensile stress after film formation is desirable, 
and it can use oxide films, such as titanium oxide and a zirconium dioxide, for organic film, such 
as polyimide resin and a fluororesin, and a list. 

[0055] Furthermore, as shown in drawing 5 (c), the tension film 90 is etched and the tension film 
on the piezo electric crystal active section 320 is removed. Thereby, improvement in the amount 
- of displacement of the piezo electric crystal active section 320 is in drawing. 

[0056] The above is a film formation process. Thus, after performing film formation, as shown in 
drawing 5 (d), anisotropic etching of the silicon single crystal substrate by the alkali solution 
mentioned above is performed, and pressure generating room 1 2 grade is formed. The condition 
of the force which the piezo electric crystal active section 320 at this time receives is explained 
below. In addition, dr awi ng 6 is drawing having shown typically the condition of stress of 
generating the pressure generating room 12 on each class before and behind formation by 
etching. 

[0057] As shown in drawing 6 (a), before pressure generating room 1 2 formation, the bottom 
electrode layer 60, the piezo electric crystal film 70, the top electrode layer 80, and the tension 
film 90 have tensile stress sigma3, sigma2, sigmal, and sigma5, respectively, and elastic 
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membrane 50 has compressive-stress sigma4. Therefore, if the pressure generating room 1 2 is 
formed under t?he pie^o electric crystal active section 320 as shown in drawing 6 (b) It becomes 
the force F3, F2, and F1 of the tensile stress sigma3, sigma2 f and sigmal of the bottom 
electrode layer 60 and the piezo electric crystal film 70 top electrode layer 80 being released, 
and acting in the compression direction. Compressive-stress sigma4 of elastic membrane 50 
become the force F4, i.e., the force of acting in the direction which pulls the piezo electric 
crystal film 70, of it being released and acting in the direction of tension. Moreover, although it 
becomes the force F5 of tensile stress sigma5 of the tension film 90 being released, and acting 
in the compression direction, since it is prepared in the crosswise both sides of the piezo 
electric crystal film 70, the tension film 90 serves as the force of acting in the direction which 
pulls the piezo electric crystal film 70 substantially, in the field which counters the pressure 
generating room 12. Thus, since the force of the direction of tension acts on the piezo electric 
crystal film 70 strongly conventionally, lowering of the piezo-electric property of the piezo 
electric crystal film 70 can be suppressed. Moreover, on suitable conditions, the original piezo- 
electric property of the piezo electric crystal film 70 is maintainable. 

[0058] in addition, when the tension film 90 is not formed Since the bottom electrode layer 60, 
the piezo electric crystal film 70, and the top electrode layer 80 have tensile stress sigma3, 
sigma2 f and sigmal before formation of the pressure generating room 12, respectively as shown 
in drawing 7 (a) If the pressure generating room 12 is formed, as shown in drawing 7 (b), tensile 
stress sigma3, sigma2, and sigmal will be released, and will turn into compressive force F3, F2, 
and F1. That is, the force of the strong compression direction will act on the piezo electric 
crystal film 70, and a piezo-electric property will fall. 

[0059] A series of film formation and anisotropic etching which were explained above form much 
chips simultaneously on one wafer, and divide them after process termination every passage 
formation substrate 10 of one chip size as shown in d rawin g 1 . Moreover, sequential adhesion is 
carried out with the closure plate 20, the common ink room formation substrate 30, and the ink 
room side plate 40, and it unifies, and let the divided passage formation substrate 10 be an ink 
jet type recording head. 

[0060] Thus, the constituted ink jet head Ink is incorporated from the ink inlet 42 linked to the 
external ink supply means which is not illustrated. After filling the interior with ink until it results 
[ from the common ink room 31 ] in a nozzle orifice 1 1, By impressing an electrical potential 
difference between the top electrode layer 80 and the bottom electrode layer 60, bending and 
making elastic membrane 50, the bottom electrode layer 60, and the piezo electric crystal film 70 
transform according to the record signal from the actuation circuit of the exterior which is not 
illustrated, the pressure in the pressure generating room 12 increases, and an ink droplet carries 
out the regurgitation from a nozzle orifice 1 1 . 

[0061] In addition, although the tension film 90 on the piezo electric crystal active section 320 is 
removed and it was made to prepare only in the crosswise both sides of the piezo electric 
crystal film 70 with this operation gestalt, it is not limited to this, for example, each piezo electric 
crystal active section 320 is covered, and you may make it form the tension film 90 continuously. 
In this case, you may make it the tension film 90 serve as an environmental-proof (moisture- 
proof) protective coat, and, thereby, lowering of the piezo-electric property of the piezo electric 
crystal layer 70 can be suppressed. 

[0062] Moreover, in order that you may make it the tension film 90 serve as an interlayer 
insulation film and it may connect the top face of the part corresponding to the end section of 
each piezo electric crystal active section 320 of the tension film 90 with the exterior in this case 
at a part of wrap part, the contact hole to which a part of top electrode layer 80 is exposed and 
which is not illustrated is formed, and you may enable it to supply a driving signal to each up 
electrode layer 80 through this contact hole. 

[0063] (Operation gestalt 2) Drawing 8 is the important section top view and sectional view of an 
ink jet type recording head concerning the operation gestalt 2. 

[0064] With this operation gestalt, as shown in drawing 8 , patterning of the bottom electrode 
layer 60 is carried out so that it may be located in the field where the crosswise both ends 
counter the pressure generating room 12, and it is installed on a peripheral wall from the 
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longitudinal direction end section of the pressure generating room 12, and serves as an individual 
electrode of each piezo electric crystal active section 320. Moreover, on the bottom [ this ] 
electrode layer 60, the crosswise both ends of the bottom electrode layer 60 are covered, the 
piezo electric crystal film 70 is formed, and the tension film 90 which has tensile stress is formed 
in those crosswise both sides like the operation gestalt 1, without the top electrode layer 80 
contacting. 

[0065] On the other hand, the top electrode layer 80 is installed on the peripheral wall of the 
pressure generating room 12 from the longitudinal direction end section of the piezo electric 
crystal active section 320, is installed from each piezo electric crystal active section 320, is 
connected with a top electrode layer, and serves as a common electrode. 
[0066] In addition, since patterning of the bottom electrode layer 60 is carried out, he 
constitutes a diaphragm from elastic membrane 50 and insulator film 55, and is trying to hold the 
reinforcement of a diaphragm with this operation gestalt. 

[0067] Although such a manufacture approach especially of the ink jet type recording head of 
this operation gestalt was not limited, it was formed as follows with this operation gestalt. 
[0068] First, as shown in d rawing 9 (a), the insulator film 55 is formed on the elastic membrane 
50 formed on the passage formation substrate 10 like the operation gestalt 1. As for this 
insulator film 55, it is desirable to be formed with the oxide of at least a kind of element chosen 
from the good ingredient of adhesion with the piezo electric crystal film 70, for example, the 
configuration element of the piezo electric crystal film 70, or a nitride. With this operation 
gestalt, it considered as the insulator film 55 which oxidizes thermally with about 1 1 50-degree C 
diffusion furnace after forming a zirconium layer on elastic membrane 50, and consists of a 
zirconium dioxide. 

[0069] Next, as shown in drawing 9 (b), the bottom electrode layer 60 is formed by sputtering, 
and patterning is carried out so that it may be located in the field where the edge of crosswise 
both sides counters the field corresponding to the pressure generating room 12 at least at the 
pressure generating room 1 2. 

[0070] next, it is shown in drawing 9 (c) — as — the piezo electric crystal film 70 and the top 
electrode layer 80 — membrane formation — and patterning is carried out and the piezo electric 
crystal active section 320 is formed. At this time, at least, the piezo electric crystal film 70 
carries out patterning of the side face of the crosswise ends of the bottom electrode layer 60 so 
that it may be located in the field where the crosswise ends of a bonnet and the piezo electric 
crystal film 70 counter the pressure generating room 12. 

[0071] Subsequently, as shown in drawing 9 (d), the tension film 90 on the piezo electric crystal 
active section 320 is removed after forming the tension film 90, and patterning is carried out so 
that only the crosswise both sides of the piezo electric crystal film 70 may not be contacted at 
the top electrode layer 80. 

[0072] Then, although the passage formation substrate 10 is etched and the pressure generating 
room 12 is formed, the condition of the force which takes for the piezo electric crystal active 
section 320 of this operation gestalt then is shown below. 

[0073] As shown in drawing 10 (a), before pressure generating room 12 formation, the bottom 
electrode layer 60, the piezo electric crystal film 70, the top electrode layer 80, and the tension 
film 90 have tensile stress sigma3, sigma2, sigmal, and sigma5, respectively, and elastic 
- membrane 50 and the insulator film 55 have compressive stress sigma4 and sigma6. Therefore, if 
the pressure generating room 1 2 is formed under the piezo electric crystal active section 320 as 
shown in drawing 10 (b), it will act in the direction in which the force in which the stress of 
elastic membrane 50, the insulator film 55, and the tension film 90 was released as well as the 
operation gestalt 1 pulls the piezo electric crystal film 70. 

[0074] Therefore, also in this operation gestalt, lowering of the piezo-electric property of the 
piezo electric crystal film 70 can be suppressed like the operation gestalt 1. Moreover, with this 
operation gestalt, since the crosswise both sides of the bottom electrode layer 60 are covered 
with the piezo electric crystal film 70, it insulates between the tension film 90 and the bottom 
electrode layer 60. Therefore, if the tension film 90 is formed so that the top electrode layer 80 
may not be contacted like this operation gestalt, not only the ingredient that has insulation but 
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the ingredient which has conductivity can be used, and the selection range of the ingredient of 
the tension film 90 will spread. 

[0075] In addition, although the bottom electrode layer 60 was used as the individual electrode of 
each piezo electric crystal active section 320 and the top electrode layer 80 was used as the 
common electrode with this operation gestalt, it cannot be overemphasized that it is good also 
considering the top electrode layer 80 as an individual electrode, not being limited to this but, 
using the bottom electrode layer 60 as a common electrode, of course. 

[0076] (Operation gestalt 3) Drawin g 1 1 is the important section top view and sectional view of 
an ink jet type recording head concerning the operation gestalt 3. 

[0077] The tension film 90 is the example which served as the top electrode layer 80, and this 
operation gestalt is the same as the operation gestalt 2 except having considered as the 
common electrode of the piezo electric crystal active section 320 while forming the tension film 
90 (top electrode layer 80) with this operation gestalt succeeding the piezo electric crystal 
active section 320 top installed crosswise, as shown in draw ing 11 . 

[0078] In addition, this configuration can form the tension film 90 (top electrode layer 80) for the 
piezo electric crystal film 70 after patterning, and can form it by carrying out patterning only of 
the tension film 90 (top electrode layer 80) after that. 

[0079] Moreover, also in such a configuration, as shown in drawing 12 (a), before pressure 
generating room 12 formation, the bottom electrode layer 60 and the piezo electric crystal film 
70 reach, the tension film 90 (top electrode layer 80) has tensile stress sigma3, sigma2, and 
sigma5, respectively, and elastic membrane 50 and the insulator film 55 have compressive stress 
sigma4 and sigma6. As shown in drawing 1 2 (b), when the pressure generating room 12 is formed 
under the piezo electric crystal active section 320, therefore, with this operation gestalt The 
force in which the stress of elastic membrane 50, the insulator film 55, and the tension film 90 
(top electrode layer 80) was released acts in the direction which pulls the piezo electric crystal 
film 70 to acting in the direction in which the force in which the stress of the bottom electrode 
layer 60 and the piezo electric crystal film 70 was released compresses the piezo electric crystal 
film 70. 

[0080] Thus, with the configuration of this operation gestalt, since the tension film 90 served as 
the top electrode layer 80 and the force of acting in the direction which the force of acting in 
the direction which compresses the piezo electric crystal film 70 decreases, namely, pulls the 
piezo electric crystal film 70 relatively increases, lowering of the piezo-electric property of the 
piezo electric crystal film 70 can be suppressed further. 

[0081] (Other operation gestalten) Although each operation gestalt of this invention was 
explained above, the fundamental configuration of an ink jet type recording head is not limited to 
what was mentioned above. 

[0082] For example, it is good also considering the common ink room formation plate 30 besides 
the closure plate 20 mentioned above as a product made from crystallized glass, and it is still 
better also as a product made from crystallized glass, using the light-gage film 41 as another 
member, and modification of an ingredient, structure, etc. is free. 

[0083] M oreover, with the operation gestalt mentioned above, although the nozzle orifice is 
formed in the end face of the passage formation substrate 10, the nozzle orifice which projects 
in the direction vertical to a field may be formed. 

[0084] Thus, the cross section of drawing 1 3 and its passage is shown for the decomposition 
perspective view of the constituted operation gestalt in drawing 14 , respectively. With this 
operation gestalt, a nozzle orifice 1 1 is drilled by the reverse nozzle substrate 45 with a 
piezoelectric device, and the nozzle free passage opening 22 which opens these nozzle orifices 
1 1 and the pressure generating room 1 2 for free passage is arranged so that the closure plate 
20, the common ink room formation plate 30, light-gage plate 41 A, and ink room side plate 40A 
may be penetrated. 

[0085] In addition, it is the same as that of the operation gestalt fundamentally mentioned above 
except this operation gestalt having, used light-gage plate 41 A and ink room side plate 40A as 
another member in addition to this, and having formed opening 40b in the ink room side plate 40, 
and the explanation which gives the same sign to the same member and overlaps is omitted. 
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[0086] Like the operation gestalt mentioned above, by forming the tension film 90, lowering of 
the piezo-electric property of the piezo electric crystal film 70 is suppressed, and the good ink 
regurgitation can be realized also in this operation gestalt. 

[0087] Moreover, of course, it is applicable also like the ink jet type recording head of the type in 

which the common ink room was formed in the passage formation substrate. 

[0088] furthermore — for example, — without it prepares an insulator layer between a 

piezoelectric device and a lead electrode or prepares an insulator layer — each up electrode — 

the anisotropy electric conduction film — heat welding — carrying out — connecting this 

anisotropy electric conduction film with a lead electrode **** — in addition, it is good also as a 

configuration connected using various bonding techniques, such as wirebonding. 

[0089] Thus, this invention is applicable to the ink jet type recording head of various structures, 

unless it is contrary to the meaning. 

[0090] Moreover, the ink jet type recording head of each [ these ] operation gestalt constitutes 
some recording head units possessing an ink cartridge etc. and ink passage open for free 
passage, and is carried in an ink jet type recording device. Drawing 15 is the schematic diagram 
showing an example of the ink jet type recording device. 

[0091] As shown in drawin g 1 5 , the carriage 3 which was formed removable and carried these 
recording head units 1A and 1B is formed free [ shaft-orientations migration on the carriage 
shaft 5 with which cartridge 2A and 2B from which the recording head units 1A and 1B which 
have an ink jet type recording head constitute an ink supply means were attached in the body 4 
of equipment ]. These recording head units 1 A and 1B shall carry out the regurgitation of a black 
ink constituent and the color ink constituent, respectively, for example. 

[0092] And the carriage 3 carrying the recording head units 1A and 1B is moved in accordance 
with the carriage shaft 5 by being transmitted to carriage 3 through two or more gearings and 
timing belts 7 which the driving force of a drive motor 6 does not illustrate. On the other hand, 
along with carriage 3, the platen 8 is formed in the body 4 of equipment. Record sheet S which is 
record media, such as paper to which can rotate now with the driving force of the paper feed 
motor which is not illustrated, and paper was fed with the feed roller etc., winds this platen 8 
around a platen 8, it is hung, and is conveyed. 
[0093] 

[Effect of the Invention] By this invention, as explained above, since the tension film was 
prepared in the crosswise both sides of the piezo electric crystal film, in case a pressure 
generating room is formed, it acts in the direction in which the force in which the stress of the 
tension film is released pulls the piezo electric crystal film, lowering of the piezo-electric 
property of the piezo electric crystal film is suppressed, and ink dischargeability ability can be 
improved substantially. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the ink jet type recording head 
concerning the operation gestalt 1 of this invention. 

[Drawing 2] It is drawing showing the ink jet type recording head concerning the operation 

gestalt 1 of this invention, and is the top view and sectional view of drawing 1 . 

[Jawing 3] It is the perspective view showing the modification of the closure plate of drawin g 1 . 

[Drawing 4] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 1 of this invention. 

[Drawing 5] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 1 of this invention. 

[Drawing 6] It is the sectional view showing the condition of the force which the piezo electric 
crystal active section of the operation gestalt 1 of this invention receives at the time of 
pressure generating room formation. 

[ Drawin g 7] It is the sectional view showing the condition of the force which the conventional 
piezo electric crystal active section receives at the time of pressure generating room formation. 
[Drawing 8] It is the important section top view and sectional view of an ink jet type recording 
head concerning the operation gestalt 2 of this invention. 

[Drawing 9] It is the sectional view showing the thin-film-fabrication process of the operation 
gestalt 2 of this invention. 

[Drawing 10] It is the sectional view showing the condition of the force which the piezo electric 
crystal active section of the operation gestalt 2 of this invention receives at the time of 
pressure generating room formation. 

[Drawing 1 1] It is the important section top view and sectional view of an ink jet type recording 
head concerning the operation gestalt 3 of this invention. 

[Drawing 12] It is the sectional view showing the condition of the force which the piezo electric 
crystal active section of the operation gestalt 3 of this invention receives at the time of 
pressure generating room formation. 

[Drawing 13] It is the decomposition perspective view of the ink jet type recording head 
concerning other operation gestalten of this invention. 
- [Drawing 14] It is the important section sectional view of the ink jet type recording head 
concerning other operation gestalten of this invention. 

[Drawing 15] It is the schematic diagram of the ink jet type recording device concerning 1 
operation gestalt of this invention. 
[Description of Notations] 

10 Passage Formation Substrate 

1 1 Nozzle Orifice 

12 Pressure Generating Room 
50 Elastic Membrane 

60 Bottom Electrode Layer 
70 Piezo Electric Crystal Film 
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80 Upper Electrode Layer 

90 Tension Film 

300 Piezoelectric Device 

320 Piezo Electric Crystal Active Section 
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[0042] st. #e*j$s±si 2 t&s&i-z&m't 
«*&3iffiP2 1 *^L-caa**iTfey. -r :/*f*ca> 

-f>*ft*llP2 1 ^LT»I-f^l3 1 

[0043] Sjhffi 2 0 (4. 1KHS(D«-1£**±S 1 2 |Z 

Atf* 0. 1-1 mmT's »«3S€S»)b<3 0 0°CJ2TF 
T% #!*_I42. 5-4. 5 [x 1 0-6/°c] T*&£;tf^ 

I*. 03 (a) , (b) l=*-TJ:3IZ. £E*$&±^1 

2(DO^fttftflMtta>iEtt««K'r«-oa)^g^ h 

?L2 1 A-et. fc«lM4flUK0>*U *v hfl.2 1 Btfco 



0(4. ftffi7?*il-f >**3 KD-g®*«i«-r4 0 
[0 0 4 4] *I-f>^»*»fi3 0lt 

S3 1 ©HBtJKa-rito-cfcy. -/X^uBPft. 

il-f :/*SflSJS*lfi3 00)J?^(4. O. 2mm<bLt^ 
[0 0 4 5] 4 0(4. Xf>UXSft^b 

— *<Dflfi^*»*>*S3 i o>— siffiswjaw-* 

-?JLvTZs#\~* yng*M 0 a *r*fiL-?Z>ZL 
tfcj:yj»rtfi4 1 35<»fifc**l. 2£>fc. ^SPrtxfcOM 
>*«*t«lt4-r>^»AP 4 23b«jTtt*»fiE**LT 

i>^o 5»rtfi4ir4. -f >^attfflo>i»iz»^-r 

«yX;UlHP i 1 < kJR»«-^iai3&^5IE*S»ft'r*/=to 
cO^CDt:. ffeCDE2l£±Sl 2(z % *I-f>9S3 1 £ 

Lr^KftiEXr4ft<Offi*3&<lia494a)SI»Jh-j--5o 
**JtJ^I8"CI4. -f>^»AP4 2£*f»<D-r>*«|£ 

S40J0. amm^L, fa)-9l^l?$0. 02mm 

«S4 i a>^fiic**B8-r-5>/=torc % -r>^iiffi4 0(D 

[0 0 4 6] oa>B8Pffi<t(4Sfcf 

«<D»ttl«5 0<Z5±IZ(4. »**<«*.(*. «0. 5j/m 

coTmSl^eo^. J?^A<«x(4. fti /im<Dlim#M 

0^«fiKLTt^4o ::t% Ellf3 0 0!l T«S 
160, E1M7 0, &tf±tffl«8 0S$t % »#* 
L^a o -«§W(^(4. Et*^3 0 0(Dflll^-»fl5t« 

2«iz/^-x>yur«dt-r«o fir, c 

17 0*>t»«fi6*ix. ffl««^<D«E<OHltofc<J:yff« 
^*<±C4SP»*E«i*ffi»«P3 2 0tl>5o *HM 
«2»S-ef4. T«affi6 0f4E«SRT-3 0 00>^ii«« < !: 
L. ±1SM 8 0 &t±WM^- 3 0 0(DW%\\W$it LTl^ 

ffiisiHi»^ffi*aa)aj^-ec4x*3ffifcL-ct3Epa(i4 

Elf^3 OOir^Eilf 3 0 0<DB»fcj:yjEfi[ 

^ c ^ffiniffi t »3b#r E«r ^fai-^t»t 
o*<si(]te<bLT^ffi-r4o 

[0047] ::t\ v'J 3>JMaaa(C»&4:«9KB 

^/ssffii o±(c Em<*M7 o^^^-r^^p-b^ 
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£■4 *#H Lfttf&lMS-r *. 

[0 0 4 8] H4 (a) IC^-Tcfc-5IC. SSK^iS 

[0049] &\z % BI4 (b) fC5F-r£5l^ 

I*. «B«l=*ft#BftTXI*l«R*B«T-<?6 0 0- 

1 0OO°CSJS0)aSt?fitjaLT3|gfl^b*-|±*^)b<fc 
**&-e**« "TtttP*. Ttffll6 0a)tt»lt -CD 

[0 0 5 0] H4 (c) l^^-Tct BEBttB 

■ »tkLfcl>*D«>*y;u**flTK 

tflllvCl**. EmtfcJgi 7 0 <D*t»fc L Xlt. 

v;u=i>ffi» (pzt) vx^ h^IS 

[0051] &\z s H4 (d) 9 ±mmm 
aozf&m^Zo ±nmmsoit. mwt<omi^»v 

[0 0 5 2] &\Z* Hj 5 (a) IC^-*" «fc 5 (C. IES#:flS 
7 Oatf±««H8 0*x«;^Xf LrJ±«{«BB«f3 

2 0<7)/^^-->^^^t5o 

[0 0 5 3] ***»»"er*. JESt*Jgi7 0 

M±1S18 0$, J±mf*t6»ffl5 3 2 OCO«^^IS1- 

>4fLT, ±SffiM8 0£#l£m#til&^3 2 OCDjISiJ 

[0054] *fz % B5 (b) (c^-f^df^ 

xfMit &ju =3-0 A«a>MMbHib«ttM r* # « . 

[005 5] £Z>\Z. |5 (c) fZ^-TJ:5fC. 5l»y 
^9 0£x^*>^LTI£W<ttS»ffl3 2 0(D±CD3I3S 

yB*'»s-rs. ctiiccty. E*ttfl&n*is3 2 oa>« 

[0056] £i±tfmBf$.yn-b*x*foZ> 0 z<D£?\z 

LtiMjfi^fct, us (d) ic^-r<^5ic. ma 



LfcTJU* U*aic*«i/U=J>JMi»»««>JI*ttx 
^^>^*fflV E**4S1 2^£ff2j£-f£ 0 Z(D<t 

^(7)jEmf*si»iaj3 2 o*<sit*a©ttffl£iaTicKK 

[0 0 5 7] 0 6 (a) IZ^-TJ:5l^ E*«411 2 
»««!::(*. T1SI6 0, EEm<*Jg7 0. ±1«I8 

oai;giayii9or«*L-r*L5i»yjCiia3. cr 2 , a 

1. as**U ?¥ttM5 0^ij^ffii^:^cr4^ ; &LTL^ 
3o -€-<Dfctf>. me (b) iciM-J:?!::. EBttfl&nffi 
3 2 0(DT»ICE*«±11 2»fiE«,!:, T«*Ijg 

6 0. Emf*H7o±m«8o<D;iay£fta3. 

a 2 , o-i36t****Lrff«*Rlfcftfflf **F3. F 2 , 
Fitflry. »ttK50(DiElilJ5^o-4l±»»**LTgi5fi 

y*fli=#ffl-r**F4. -i-fttjft. Et(*i7o$?i 
oa«*Riiz:ftffl-r«*ia:«. mijieoa) 

5l»yB9 0tt. JE«(tt«7 oa>«*raB9«i= 
Kit&*i-c^*fctfK je*j*±^i 2ic»i$i-r*«*-e 
I*. HMWIcIEm#B7 o*?lo§S^*(S]fc^ffl^-^^ 
iftio z^ctaic. Em#M7 oici*. HEX J: y fcSI 

»y»sa>*3OT»<fffH-r**=». ei#I7oo)ei 

tt, ffi«<*«7oa>**a)ffimWtt*ll»-r*zfcA<-c 

[OO 5 8] ttfi. Sl»y«9 03V»***fC^ft^» 
^ICf*. H7 (a) IC^-T^^IC. E^Jg^ai 2CDff2 

fitmric. Ttsieo, EH*i7oM±iai8o 

f*-t*L-f*L3l5iyj6*ff3. 0-2. cri**L"Cl**<D 
T% 2*»jjt-r*4: % 0 7 (b) Iz^-TJ: 

5\z % 5l»yi£*<73. 0-2. cnfi#tt**LTE«;*] 
F3. F2. Fttft*. fftfr*. E«*B7 0f=tt* 

do 

[0 0 5 9] lSL±KBHLfc-aa>B»jaatfll*ttxy 

U ^P-trX^T^. H 1 fc^-Tct^^-o^T^^-tl- 
-fX<oa»^rii*Sl 0Sfc^ffJ"T^ o »*JLfc 

S30, Atf^T >9tffi4 O^IXMLt-ltft 

[0O60] Z0)J:3rzBALfe<< ^vr; K 
(*. B«Lttt^»-<V^«B*«i:li«Lfc-f 

ffls oi:TmfiiM6 o<t(7)r^icmm*En*PL, 

5 0. TtW6 0AtfEt»H7 o$jR^»$ti 
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□ 1 1 J^&-< >$»jWSttB*-<6 0 

[006 1 ] *HSS^®"Cfi. EEmi*#ii&a53 2 

O±0)5iayB9 OS^LT, E®t£B7 OCDffi^lS] 

5i»UB9 o*«-ff«t«i6a»3 2 orzsor. 

BBMKRI+* «fc?l=LTti*l\i z<DJB#l::f** 5I5fi 
jE«tW7oa>JE«Wta)«T**P 
[0 0 6 2] *fc, 5IByBootfBMflBlU>£]Efe« 

m.ftmm&3 z oa>— b*=»s**»#0!>±b*H5 
»#g>-»ic % ^«taf«i-r*fcftrc±*aBi8o©- 

**0U&-e # « * 5 l= l r t cfc L> 0 

[0 0 6 3] (5IJ£^®2) H8(t, ftlfe»tt2l=a« 

[0 0 6 4] ««1IMt?H:. Hsic^ir^ic, Ti 

ii6 o i*. *<D®&3fam$$bm<E.j3f&±w. i 2ic^is] 
1 2a>***n-«»*SBB±*-cBRS 

*ir. #lE«f*tt«i«3 2 6<D«»J«atJS:o-C^«. 

ccDTSfilBe oJiizii. T««B6 0<o*K&fi] 
BB»*HoTE«tt«7 o*<ra**u *a>*»fi]BB 

bi=i*. Mtrai&ntti::* 5istyK***-r«3ia 

UB9 0^±1W8 otli*«t«ci:4<»*S*i 

[0 0 6 5] ±«a«8 0f*. E®#t£l!jffl*3 2 

Oa>*^fi-fi8fflWP<bE**±Sl 2<D«B±*-e5E 

»**t. #e«»si«isp3 2 ofrp>m&zti±nmmk 

[0 0 6 6] **lt»tt-ctt. TlSleoS/^ 
*-=>^LTi>afc#K infills ojtuMB 

[0 0 6 7] c«)J:3a:**ltraa)-f ^Siy K5C 

[oo6 8] *-r, is (a) ir^-r^a^. ^mmm 

1 j:n«irXBraKSl o±lzfl*j« LfcWttlBU o± 

f=*«(*« 5 5 Z 5 5 tt. EE® 

IS. «ji 1 5o°c<Dtt*ip-e»»bLT-BftvJH3- 
[00 6 9] B9 (b) <£df^ X/*^* 



[0 0 7 0] ;^fz % H9 (c) \Z7jk-?Jz?\Z^ £1M 

7 o»tf±tai8 o t«tai;/<*-=>y itEt 
&mmm3 2 o^pjs-r^> 0 eim7o*< 

[0071] ;*i^-e. 19 (d) ic^-f 5i»y 

I9 0jj$li, E«*ffi«ltt3 2 0±(D5l»yB9 0 
SftSlt, EI*I7 O0)«*|pIH«a)^f=±«aB 

[0 0 7 2] -to>aL 3E»^fiE*ffi1 Oiivf>yi 

EB»«l«lSP3 2 OfcA^4*<D«fflSJ2lT(w^-r o 
[OO73]01O (a) \Z^T£ 5 IC* 1 

2rawf=i*. Ttsieo, Ei#i7o, ±«ib 

8 0atf5IByai9 0l**#L-f*LSIByj6*cr3. cr 2 , 
ori. <75t*U WttB5 0At;«tti»B5 5ttJEtte 
*a4;Rtf cr6S*LTl^5 0 ^(OtzHh, B 1 O (b) |C 
^"Tcfc^fc. IE«i*ffiil|»3 2 0(DT*rcffi*Jg^Sl 
2 MM1 &HBI=. 5ISI5 0, *£ 

ewwb7 otgi-D««*fiif^ffl-r*o 

[0 0 7 4] Lfci^t, *Blt»Bfcfe^Tt.. Hffi 
rai &n«. E1(*I7 0©EI1»tt(DffT*fliL4 
:i:^^ 0 *HJ£J^S-e[i. Tma^6O0) 
«*rtiB«i*ff«#B7 ofccfcorfifesh-ci^fcie). 
3l»yB9 oiT«BB6 oia>«iijftB**LTi^*o 

3l5§yB9 0(4. **ltra<DJ:5lc±«I 
B8 0(ctt«L<p:i>J:5/=^*f*ttf. IftKtt***-* 

5l»yB9 00)#»<DB«tSBH36</£A<*o 
[0075] ftfc\ **lt^B-ctt. TlSleo^ 

E.mt*mm&3 2o<Dm%mmtL. usiso^ 
o&&mnmtLx, ±mmmao^mmnstLxi 

J: L*Z£l&V3£-e tittle. 
[007 6] (^JfcflSS 3 ) 11 1 3 

[0 0 7 7] *£&rai** SIByB9 0sb<±BBB8 
0*3Htfe4^:"5lcLfc«'efty. 01 1lz^"TJ:3lC 

**Jtra-ei*. 3iayB9o (±tsiso) 

^ir^ic Em(*«iii]gP3 2o^^iama(tLfcja^. 
Bitra2^n«i7ftft. 

[0 0 7 8] Z<Dmf£te. E1M7 0S/W- 
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->^«fc5l»y«9 0 (±1SI8 0) tfiflBU * 

?iay§9o (±tsi8 0) 

[0 0 7 9] &tz. -OJ:5*ffifiei^33l^-Ct. B 1 2 
(a) ^-Tcfcd^, EAX±S1 2J!2j£i!filcf* > Tl 
»K 6-o. E1M7 Ott&tfllKyBg o (_tm«ij^ 
8 0) f*. **L-r*u5l»yj6*a3. CT2. crs^WL. 
?lttl5 0&Mift:l5 SliEISJCaa^tf a6** 
Lt^^o ^(Dtz&b. H1 2 (b) Ci^-f <*: SB 
1*1IMttfiS3 2 O0)T*f=Eil«*ai 2$Mt^»i:, 
*SI«E^S8-ei*. T«««6 0XtfE«{*«7 O0>J£* 

35«***Lfc*3&«. e«*bi7 o*eim- ismuifMB 
90 (±tai8o) <D&i3imiktixtzi3ifi* 

17 0^?lo?S^^lSj(Zf^ffi-r^ 0 

[0 0 8 0] ;MOfc»tt0>ttJftl?l±« 5138 

yM9 035<±«a«8 0*at*a4cfcaicLfca>-e. E« 

[0 0 8 1 ] (ffeCD^i*^®) *^BJ(D#g|Jte^ 

«jjti*iasLfc*o>iziB5E**i*tia)-ei*a:i^. 

[0 0 8 2] «jttf % ±»LfcSjt«20flMft. #»-f 
>£fifl2J3£«3 0£#3*4z3 5*;/£xaS<fc Lt^J: 

<i>o 

[0 0 8 3] *fc % ±aLfcSW6»»-ei*. sXjimn 

[0 0 8 4] C0Dc(:dlc«A.LfeXlK^tRa)»ff»8B 
<7)SgJ6^ffi-ci±. sXjusam i #E«*^£ f±jR»o> 

2 0, *a-r>^fijKfiE«3 o&tx»rt«4 1 Axt/-r 

> ^ 4 0 A £ Jta* * £ 3 KB S *LT l> * „ 

[0 0 8 5] *S616fl2ttIi. *0>tt. I^S4 1 

A£*>**«lfi4 o A££9J»»£U -f>^S«« 
4 0lcBHP4 0b£fl2jSL*:ia*M±* »*«IlC±a$Lfc 

[0 0 8 6] -<D|§!6^®IZfcl>-Ct. ±5£Lfc|£S£ff£ 
ffl£m«i::. 5l»y«9 0*R(+*ci:lzj:yEm(»BI 
7O0)Et^tt(Z)ftW)qi^b*is A»ft-f v^ttttS* 

[0 0 8 7] *fc % *a^>9S£9tBHI*j££tt 



[0088] «*.r*. E«*T-tu— Kmat 
©iBfciMMM^Ri+fcy. iMM*«Rit*:i*-c, «- 
±*aicii*tte*atiMt«u cas^ttdmis^ 
y— K«atnn«Lfcy. 9«<-V7fc>T-f >y 
z/^-r >ytt«*ffli*Ttt«Lfc y -r*«* 

[0 0 8 9] C0>*3fZ % ^CDffil-f^SL^ 
[0O9O] *f=, Z.fth&3mMl&L<D4 h 

[0 O 9 1 ] B 1 5lZ3F-r«J:5l^ O^vi'V hstE 

Kt*-r*EH^v KrL-^ h 1 AM1 Bf*. 
-f >*#*&¥a*«ja-r4;to — hU r^2AM2 Btf 
*JKBTlKfc»ttP,*L. zaEflt'Ny Ki— ? h 1 AM 
1 BJiaifc^U v5?3l*. tt«*i*4lzBiy#tt 
ft*ifc**y v»«!6lz|»*WMia«lcBlt6#fC^ 
£o CKDEft^ Kaz *v h 1 Bl±. «ic«. 

[0 0 9 2] fits EKi^E— * 6 0)tt«|*3&<B*Ltt 

mK*o>B*t5* tX* -f £ >^;u h 7 ^lt^-v y 
^^3fcea*+i^C<b1?. BUt^? Kar 7 h 1 a& 
tf 1 B$»«Lfc+t'J 3/$?3te**«J ^vttl5lC;tio 
t»m*;K*. S>*1*4 letter y 3 iz>a 
oT:?^>8j&<Rl+&;M:i^« 0 z<B^3-T>8[i0 
^ L ttlHfttt y.^— * * l=* y £4£3lc 
ftotfey, i8ISP'— 5ftifl=*yi»IR**L*:«Wfl!)E 

[0 0 9 3] 

(*iKa)«*iaiia«fcgi» y n«sit« J: 5 ic L/=<z>-e, 

[0®<Z)fB*«:KB^] 

[11] **BBB<DSHt»B 1 lcffi-S^^^i?x^ K^E 
■k^v KOjMRMaB-eftS. 
[0 2] **flH©*lS»Bl fc«4^f>^*;xv hSCE 

IB 3] Bi <D»ihfi(DSE»«**"r»aBi?fc*o 
[04] *3fef!fj(DgSifcfl2ffi i (D»K»56xg$^-rBf® 
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[05] ^mcommmm^ (Dmmm^m^Tjk-tmm 

[0 6] *«na)Xtt»n 1 AEtftlllMtfEACt 
[0 7] tt3lEa)Em{MUtttt^EA«±X»JCB»l=Slt 

[08] **w<o*ifi^i82ic«4^>^i;x^ hsta 

[09] *nMo>3i]6fi^ffi2<z)aiHasijgxs*^-r»fffi 
0-efe^o 

[0 10] «9M0!)IUK»tt2a)B£*f*mt*tfB£AJI 

[011] *n&tomM»U3iz%*<(z*9*jx.yi»a 
[012] *«na>ftiB»ai3a>Em(*ttnfftfEA« 



[013] *36IBO)ffia)*aS»fflfc«*-<>^ K 
[014] *JBM<Ofl6<D*J6»lllc«*-f »it» h 

[015] **w«)-*iB»»=«*-r>^i;xy ha 

[##a>8iilS] 
1 o 3SSSfl£/£g« 
i i s X)i,ffln 
1 2 EftS£i 

5 o Sitejgi 

6 0 Tlffil 

7 0 

s o ±«aui 
90 sisun 

3 0 0 Eif^ 

3 2 0 EmttfllffijgP 
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